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01 1. INTRODUCTION

My name is Paul Hutton. | am a Registersd Professional Cihvll Enginesr in the Slate
of California (License 8407851 | am employed a3 an engineering consultant with Telra

Tech, Inc. | also serve as the sxeoutive directyr for the California Water and Environmentad

| Modeling Forum, My educational background Includes a Bachelor of Sclence in Chvil

Enginsering with Highsest Honors from the Undeersity of Hllinols (1883}, Champaign-Urbans,

| a Master of Science in Chil and Environmaental Enginesring, also from the University of

Hinols (1884), and g Dogtor of Philosophy In Gl and Environmental Engineerning (1984
1
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from the University of California, Davis. | have 33 vears of professional engineering
gxperience, including a 27-year career with the California Department of Waler Resources
and the Metropolitan Water District of Southern California. A significant focus of my carser
has been on modeling and operations-regulatory analysis related to walter quantity, water
quality, and waler supply reliability in Californig’s Sacramento-San Joaguin Della and
Central Valley. | have authored 13 scientific papers that have been published in peer-
reviewed joumnals; one was recognized by the American Sociely of Civil Engineers with an
oulstanding journal paper award and several are offered in this testimony as exhibils. A

true and correct copy of my statement of qualifications is marked as DWR-1206.

My lestimony is in response to CSPA (CSPA-202, p. 2) testimony that

In considering conditions 1o place on the permits for the SWP and CVP in
this proceeding, the Board can and must evaluate conditions for all
aspects of BWP and CVP gperation, not just those immediately related o
the new points of diversion.

| arm also responding to NRDC, PCFFA, Contra Costa County and Contra Costa Water
Agency, and City of Antioch who specifically raised the issue of the diversion of fresh water
and the alteration of natural flow patterns in recent years and decades. (NRDC-58, errata,

p. 4, POFFA-145, COC-B8C-3, Antioch-500, errata.} Lam-alsorespondingdo-the-Rrotesiant's

ight-years. My testimony is intended to
identify new information, nchuding seven peerreviewsd publications | personally authored

or co~-authored, suggesting that the 2010 Flow Policy Report and the Phase il Technical

2
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11 Basis Report should not be implemented without further consideration of the current best

24 available sclence.
The opinions offerad in this testimony are basad on my experience and work |
3 conducted in collaboration with colleagues and documented in the following peerreviewed

journals, ail of which were published subseguent 1o the release of the Blate Waler Board's

40 2010 Flow Criterla Report:

»  Hutton, P.H, LS. Rath, and 8.B. Roy {2017g), Freshwaler Flow to the San
Franvisco Bay-Della Estuary Over Mine Decades; Part 1- Trergd Evaluation,
Mydrologicad Proceszes, htlpfonlinelibrarvosdley. com/doiM B 1002hyp 11201/ ull.

& Exhibit DWH-1288

#  Hutton, P.H., S Rath, and 8.8, Roy (2017h). Freshwater Flow to the San

L4

f Francisco Bay-Della Estuary Over Nine Decades Part 2-Change Attribution,
g Hydrologivel Processes, htiponlinelibrary wiley comidoiM 01002y 11185/l
" Exhibll WR-1288
4 #  Arglrews, 3., Goss, B, and Hutlon, PHL (20171 Modeling Salt intrusion in the Ban
Franoisco Estuary Prior o Anthropogenic Influence, Continental Bhelf Research,
t Miipdide dolorg/ 108 e M 7.07 010 Exhibil DWR1287
0 « Rath J &, Hutton, PH, L Chenand 8. B, Roy (8017) Modeling Salinity in the
San Franciseo Bay-Delta Estuary using Ardificial Neural Networks, Eavironmental
17 Modeling and Soffware, hipedidol erg/ 10108/ L envenft 2017.03.022, Exhibit DWR-
1288
13 +  Hulton, P.H., Rath, L8, Chen, L., Ungs, ML, and Roy, BB, (3018). Nine Decades
. of Salinity Observations in the San Francisco Bay and Delta: Modeling and Trend
14 Evaluation. J. Water Resour. Plhg, Mamt., American Soclety of Civil Enginesrs, DOL
15 1008 THASCE WRTB43-54582 0000817, Exhibit DWHR-1280
«  Fox P Hutton, PH, Howes, DO, Draper, A4, and Sears, L. {20158
in Reconstructing the Nalural Mydrology of the Ban Francisco Bay-Delle Watershed.
Hydro, & Earth System Sclences 1848874274, Exhibit DWR-1280
17 ¢ Howss, DL, Fox, P., Hutton, P.H. {2048). Evapotranspiration from Natural
18 Yegetation in the Cenlral Valley of California; Monthly Grass Refersnce-Based
Yegetation Coefficlents and the Dual Crop Cosflicient Approach. J Hydrol Eng.,
16 Amarican Society of Ohvl Enginesrs, DO 101081 ASCEHE 1943-8584.0001162.
Exhibit DWR1281
20
7 This new body of work allows for the exploration of lnngerterm trends and more

sy i nanced interpretation of the effects of drivers {including the CVP-SWP) on Delta flows @mﬁg
1 i salinity, | used this information to develop the opinions provided in this testimony and to

sg 1 rebul opinions provided by others regarding Delta How and salinily bascline lssuss,

i My opinions bulld upon previous submitials to the Waler Board, including commentds
s i provided on the Waler Board’s 2012 Analytical Tools Workshop and the Bay-Della Phase I

1 il Working Draft Science Reporl. {See altached exhibits DWR-1383 and DWRA325.) To

R
>
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support many parts of the testimony provided here, | followed a comvention ulilized in my
published manusoripts - and originally adopled by Envight and Culberson (2008) (see
attached exhibit DWRV1381) - that classifies the historical dala record Into two subintervals
- 3 pre-YY 1UB8 subinterval and 2 poshWY 1088 subinterval. My use of this convention s
intendad as an intultive device Tor aligning observed dale rends with known hydrologic
dhivars of changs.
A brisf summary of my opinions s provided below
»  Delts outflow shows no stalistically significand volumelric long-term annual time
frend.
s [ata outflow shows statistically significant increasing and decressing volumaetrio
long-term seasonal tme rends.
A long-term increasing rend {Le. higher salinity) In Tall X2 has not ocourred,
Long-term trends in fall X2 can be altributed o multiple drivers.
Uinder natural conditions, Delta salinity was more seasonally varlable than under
comemporary conditions, with more downsiream X2 In winter and spring and more
upstream X2 in summer and fall,
e Dalta conditions in the late 189" and early 207 cantury do not represent natural
corglitions,
» Unimpaired flow iz not an appropriate measure of naturs! Bow on the valley floor or
in the Delta,
o Natural conditions cannot be restored using the unimpaired How hyidrograph.
il DELTA QUTFLOW TIME TRENDS
The 2010 Flow Criterla Report and the Phase U Scientific Basls Repord suggest that
the magnitude and Hming of cutflow has changed significantly over time, as evidenoed by
the differance betwesn caloulated undmpaired cutflows and aciugd cutfiows, My opinions on

iong-term Delte outflow annual and seasonal rends s provided balow,

A, DELTA QUTFLOW SHOWS NO BTATISTICALLY SIGNIFICANT
VOLUMETRIC LONG-TERM ANNUAL TIME TREND

The Protestants cited the Phase I Scientific Basls Reporl (Chag, 1.2.2) information
that indicates the recant decline of several native astuarine fish specias s attributed In pant
to flow modifications dus o dams, water diversions and related cperations. The Raport

ches research that congludes: D flow modifications greater than 20 percent Hkely rasult in

4
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modarate o major changes in natural structure and ecosysiem function; and, i) water
guahity and fish resources detedorate bevond thelr ability to recover whern annual water
withdrawals excead 40-80 percant of unimpaired flow. Contrary 1o the Phase I Solantific
Basis Reporl, my opinion i that sithough contemporary upstream diversions and water
exports have increased relative 1o 1820-evel conditions, the Delta outflow data shows no
statistically significant long-term annual ime trend dus 1o overwhelming climatio variablity.

My analysis indicates that & stalistically significant increasing or decreasing
volumetrc trend in Delta outflow i3 not observed on an annusl basis. As shown in the lelt
column of Figure 1, annual outflow trends are nominally Increasing for the WY's 182218687
sub-interval and nominally decreasing for the WYs 18882015 subinterval and for the il
ning-decads (WYs 1822-2015) period.

Exports show g significant increasing trend for alt three periods while Inflows do not
show significant changes. Mowever, the two sub-intervals are contrasted by a nominagl
increasing inflow trend over the sarlier period and a nominal decreasing inflow trend over
the later period,

Ag shown it the middle column of Figure 1, Sacramento Basin depletions show a
decrease n volume {(positive sign of trend) over the WYs 1968-2018 subinterval and an
increase in volume over the WY's 1822-1867 subinterval and the full nine-decade record,
the latter being statistically significant. Sacramenio Basin depletions represent nel waler
use within the basin,

i
i

il

i
it

i
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1 stmtistiosl significance ot po008 lovel s shown by blus bars; gray bars ndioate stetistics! significence
ol om £ 0.05. Results are shown Tor thres thne periods: the entire pering of record (WYs 1822-2015); the
o0 sarkisy sub-period when many reservoins were construsted (WYs 1RRE-1B8Y) and the wmost recant sub
i period following completion of water sxport infrastructure (WY 158820181 noreasing volumes of Delt
Buports and Bacramends Basln Depletions are shuown ag negathve trends, (from Exhibill DWR-1288)

13 Figure 1. Bummary of somusd treesd resulls. The Ben slope setimates ave shown on the aanls, g

1%
19 4 The absence of a slalistically significant trend in annual Della cutflow over WYs

201 1922-2015 is counterintultive given the growth in exports and Sacramento Basin depletions
211 over this period. This finding may be explained in part by the large inter-annual hydrologle
23 variabilily that measks undariving changes. | evaluated the exdent that this varability may

23 1 mask changes.

24 Annual Delta outfiow trend was further explored by decomposing or deconstructing
25 1 the time series (shown inthe top or first panel of Figure 2) info several components, sach
261 representing diferent categories of palterns, The figure shows 2 decomposition of the Delte
271 putflow time series Info intre-annual "seasonal” component {second panel) and a long-term

28 5
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11 interannual “end” component fourth panel). The thind panel, which repeats the fowrth

2 1 panel at 2 magnified scale, revaals 2 small non-monotonic (changing ) lorg-term trend that

increases through the mid-1980s and graduslly declines therealler. AL this magnitiad scals,

Lok

4 I the decompnesd frend component confirms the stalistiosd analysis descoribed above and
3

showr in Figure 1 by revealing noming! inoreasing and decreasing subinterval trengds in

A

5 1 Della outflow. Finglly, decomposition reveals a relatively large “remainder” compuonent
7 {bottom or ifth paned) that cannol be explainad by elther the seasonal signal or the trend.
g il Taken in s entirely, results from the decomposition demonstrate that the Delta outflow

g it trend is small relative 1o overwhelming climatic variabiity.
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Figure 2. Bessonad trend decomposition test resulls for Delta outfiow. The top pangd shows the time
weries of sutflow, and the remaining paneds show g decomposition of the flow o “seasonal™,
“eremd”, and “remsinder” componenis. The trend component, which is disting fromw the trend tagt
resolt repurted In Flgure 4, shows 2 slioht inorsese in Dells outflow bebwssn WY 1902 angd 1880 ansd ¢
shight decrease thereafter. The trend component is shown In two paneds fwlth different waxis soales)
o ernphasize both s changs arad s relative magrdtude. rom Bxhibit DWRVI285)

To partially filter the climate signal from the annualized flow analysiz, the Della
outfiow time serles was further evaluated by nonmalizing flow tlerms with the annual Eight
River index. A slatistically significant downward trand was detected for normalized Delta
puthiowy over WYs 19282015, argely reflecting growth in exporls and Sacramendo Basin
depletions over this perod. Figurs 3 shows Delta outllow {upper panel), exports {middle
panel}, and Sacramento Basin depletions {bottom panel) normalized by the Eight River
index and divided inlo two subsets: welter vears with the index above 20 MAF and drier
years with the index at or below 20 MAF. Smeothing funclions are drawn through these
poirds o aid interprstation of the normalived data, With this ald, the datla indicate the
magnitude of normalized Dells outiow is smalier in drier vears and is charactenzed by a
decreasing trend for both subssts,

importantly, the dry vear deglining trend stopped or sven reversed in the 1880s, This
change in trergd can be explained in part by normalized export trends {middle pansll.
Betwesn the 18580s and the 1880s, normalized exports increased for both data subsels,
However, In response io Delta flow and salinily regulations, normalized exports have
devragased in drier vears sinces the 1980s,

The changs in dry vear Dells owtflow trend can also be explained by normalized
Sacrameanto Basin dapletions (bottom panell, which displave a changs In trend since the
1980s kely in responss 1o 2 stable end in irrigated land use. Note that increasing
normalized volumes of Delis exports and Sacramanto Basin deplations are shown ag

negative rends in Figure 3.

B
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v g - "
. through the points are smoothing functions as desoribed i the text. In drier vears, the downward
Iy \

fravd in normalieed Della outflow appears (o have been curbed {and possibly reversed) pver the last
- fewr decades due to more restrinthes water managemaesd e lower nonmalized Delts suports) in the
20 aaliary wrwl g mmgmg of water uss in the upstream watershed (Le. fHat trend In Sacramento Basin nel
., chanrel depletions), inoreasing vohumes of Delte Exports angd Sac Basln Depletions are shown as

21 negative trends, from Brhibit DWR-1285)

B. DELTA OUTFLOW SHOWS STATISTICALLY SIGNIFICANT INCREASING
23 AND DECREASING VOLUNETRIC LONG-TERM BEASONAL TIME
" TRENDS
i The Phase | Solentific Basls Report {p. 2-1) provides severa! statements ralated to
25

ong-lerm seasonal time trends. For exampls, the repor! states that winter and spring
28

outhiows have been reduced. Elsewhers, the report states that there has besn g reductin
in spring outfiow since the 1980s dus largely to the combined effects of exports, diversions
25
S g
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11 and variable hydrology (p. 2-76; p. 8-21) Testimony in PCFFA-148 states that “Very

2 8 significant reductons in spring flows exist during all waler vear types, particulary in Aprdl
34 and May” s my opinion that Delta outfiow does iy fact show statistically significant long-

4 1 term seasonal tme rends, But contrary to the broad slatements provided In the Phase i

5 1 Bclentific Basis report, | balieve these trends are much more nuanced and are best

&1 evalusted on g month by month basis,

7 Statistically significant outfiow trends, shown in the top panels of Figure 4 as both

% mwressing angd decrgasing, were found in six of the bvelve months over the full WYs 1822
91 2015 period: February {decraasing), Aptl (decreasing), May {decraasing), July (inocreasing),

t 1 August {increasing) angd November {decreasing). Full perind frends observed in April and

111 May likely correspond Io increases i upstream siomge In reservolrs, as suggested by the

120 significant decrsases in Sacramento Basin inflow shown in the second pansd of Figure 4,

13 Contrary to the full period trend, subinterval rends in Aprdl and May Della outfiow are not
14 1 significant, And in condrast with the Phase I Beport statement about decrsasing spring
15 0 flows since the 1880s, Della outflow in May and June hasg exhibited g nominally increasing

16 0 end in the WY 18882018 subinterval. Significant Delle outfiow inoressss in July and

17 1 August over the {ull period are Bikely miated o oreased reservolr relaases I meet export
1% 1 nesds and salinity objectives in the Della, as suggssied by the significant increases in

101 Sacramento Basin inflow in these months,
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P FALL X2

2 Hoth the 2010 Flow Criteria Report and the Phase | Solentific Basils Report propose
30 afall X2 requirement that is fully consistent with the USFWS 2008 Bislogioal Opinion. To

4 i1 place the fall X2 trends presented in my testimony in proper context, s important to

5 1 recopnize that thess bends have not been influenced by the 2008 Bivlogical Opindon's fall
& 1 X¢ actions, My testimony on fall X2 focuses on hydrology-based rationale presented inthe
7 1 Blolngioal Opinion.

2 The fall X2 action, which is to be imposed in months following wet and above normal
o 1 owater vears, did not impact CVP-SWP water project operations over the period of record |
i1 evaluated (WYs 18222012 In WY 2011 (g wel vear) the action was partially adjusted in
111 response to g federal court order and the modified oriferia, although  was ullimately mat
121 without changing operations, In 2017, the USPWS authorized a relaxation of the

131 requirement.”

14 &, A LONG-TERM UPBSTREANM SHIFT IN FALL X2 HAS NOT OCCURRED
15 Contrary to the Blological Opindon, my opinion is that a long-term upstream shift in

161 Tl X2 has not occurred, The basis for my opindon s discussed below,

17 The salinity time sedes of individua! fall months over WYs 1828-2012, developed In
18 1 Exhibit DWR-1288, are examined by waler vear tvpe corresponding 1o the prioy spring

1o (Figures 5, 6 and 7). X2 values exhibit unique trends for each fall month, There s a

20 1 decrease i X2 {mors downstream with greater freshwater flows) In September alter the

21 1 mid-1840s, corresponding to an aitered flow regime following construction of Shasts

i Reservolr in 1844, In Beptember, the post-Bhasta X2 values are more downstream than
23 1 pre-Shasta values, especially following wet and above nommal vears, Dolober X2 exhibils &

24 1 small downstream trend from the 1920s through the 1980s, followsd by a small upstream

26 11 This context is not acknowledged in the CCC-5C 03 testimony that states that since the
introduchion of the fall 3 sclions, degradation o fall X2 salinity during 19852008 appears 1o have
spcuned.

28 12
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trand from the 1860s through the 1880s, with minimal trend in the lather part of the reoond,
The Novermber X2 time setles exhibils o downstream trend rom the 18208 through the
19605, an upstream lrend from the 19680s through the 1880s, anyd 2 relativaly stable frend

tharaafier,

X2 Position

Water year

Above Moonal Wit

Waler vear type

Figure 8. Septomber X2 values and sssocisted 40-30-30 waler voar type for WY 1822-2012, The black
curyg Is o smoothing funciion o the X2 observations. (Based on Exhibit DAVR- 1288

13
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Figure §. Ootobsr X3 values and sssociated 40-30-30 previcus water vear tvpe for WYs 182322012, The
black ourve i o smonthing function to the €2 observations. (Based on Exhibll DWR128%8)
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Figure 7, November X2 values and associated 40-30-30 provicus water vear typs for WYs 18282012
The black curve s o smonthing function fo the X2 observations. (Based on Exhibi DAWH-1288)

The 2010 Flow Criteria Report (p. 1081 siales thal the USFWE fall X2 sction " s
focused on wat and above normal vears becauss these are the years inwhich project
opsrations have most significantly sffected fall cutflows.” Contrary 1o this statement, Exhibil
DWER-1289 shows that X2 trends in Oolober and November foliowing sbove nommal and
wat years are nominal upstream but are not statistically significant, (Exhibit DWR-1258%9
shows X2 frends in September in above normal and wel vears are downstream {Tresher)

and are statistioally significant.
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it suremary, over the full period of record there has been g statistinally significant
long-tenm downstream trend in September, no long-teom trend in Oclober, and a
statistically significant long-term upstream trand iIn November, Thus, i is my opinion that
the full parod of record does not suppor the finding of & broad long-erm increase In fall

&

8. LONG-TERNM TRENDS IN FALL X2 CAN BE ATTRIBUTED TO MULTIPLE
DRIVERS

Az shown o my analysis, long-lerm rends in fall X2 can be attributed to mulliple
drivars, The basis for my apinion s discussad balow.

To svaluate the relgtionship between CVP-S8WP pperations and Tall X2 In a rigorous
manner, Hookad at the behavior of Della cutflow and ¥2 under two different hypothetical
soananos (Le. 1820 lovel of development and withoub-Project) and compared thess
soenatos with historical corglitions to dirsctly atlribule changes 1o specific drivers, Tha
mathodology associated with this atiribulion analysis is dosumentad In Exhibit DWR-1288.
Thiz evaluation shows thed Proledt operations, which include a combination of reservolr and
cxport operations, have caused changes in fall outlfiow (Figure 8) and X2 (Figure 8) that
wary by month and mes perdod. Furthermore, this svaluation shows that other drivers such
as non-Froject storage and diversions, Le, non-Project drivers, also conlribule fo changes |
i fall outflow and X2, Changes in X2 thal are atiribulable o the CVP-8WP are shown for |
individual fall months in Figure 10,

7
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Figurs 14, Attribution of WY {1822-2008 Delta ¥2 changes 1o Project {CVP-SWP) offacts for the fall
mnrdhs by S0-30-30 waler wear bype for the Secramento Valley, The back surve s o smoeiidng B of
the X2 changes,

For the month of Seplember, Project effedts have resulied in an oulflow inoreass in
the sarly part of the record and g decraase in the latler part of the record, resulling in litlle
oversll change over the full period of recond. The X2 trend altribuded 1o the Projects shows
a decrease in the early part of the record and remains fat in the aler part of the record,
resulling In g large overall dovwnstream trend In X2 over the 1l period of record,
Differences between outflow and X2 effects are dug o antecedent effects of putllow on
salinity. Project effacts more than compensats for non-Project effects, which in isolation
resull in decreased outfiow and inersased X2 over the full period of record,

For the month of October, Project effects have resulted in an outflow decreass inthe

latter part of the record and an overall X2 decrsase resulling from antecedant sffects,
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1 Project efiects approsimately compensate for non-Pralect effects, which in lsolation result

2 1 iy decreased oulfiow and increased salintty over the Tl perdod of recond.
3 For the month of November, Projects effects have contributed to decreasing outfiow

4 1 and horsasing X2 over the full pariod of record, While the Projects have the most
51 significant effect on November outfiow, non-Project drivers have similar or grester effect on

&1 MNovember X2, As in the other fall mordhs, differences between outfiow and X7 affects are

7 due o antsoedant effects of outflow on salinity,
2 The above analysis, with model-based estimates of Projedd and non-Project effects,

g 1 provides a rigorous method of atirbuting Tall culllow and X2 changs o key drivers, In

10 swvrnary, while | may be said that CVP-83WP operations are assosiated with an increase
11 indal X2 in the month of November, changss in this month are dus iIn egual or greater part
12 4 o non-Froject effects. For the remaining fall months (Le. September and Qclober), CVP-
13 1 SWE opsrations actually resull in more downstream X2 and compensate for non-Prject

14 1 effects thal would increase fall X2 absent the Projects.

15 HLG, FALL SALINITY I8 VARIABLE AND DOES NOT RESEMBLE DRY YEARS
' REGARDLESS OF HYDROLOGY

. Az shown in my analysis, fall X2 s vadable and doss not resemble dry years

" regardiess of hydrology, The basis for this opinion s discussed below,

o Fewamined vadability in fall X2 through a variely of analysss. First, | examined

” variabilily In the full X2 record spanning WY's 1822.2012, without differentiating between
. seasons. in Figure 11, the dark solid lines display tereyear {120 month) moving average X2
e {8 the 10th, 25th, B0th, 75th, and 80th percantiles. The corresponding dotled lines ars

:; inear trends for the same percentiles, This data presentation shows a slight decrsase in
” inter-annual varability over tme, dus primartly 1o the high X2 values in the early part of the
e record, These high X2 values do not ooowr after the construction of Lake Shasta and other
;} CVP-BWE facilities, in part because the Projecis are operated 1o minimize the sxdensive
- salt water infrusion that histovically ooourred prior 1o the 1840s,
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Figure 11, Variation in Seoramento X3 ower WY 1222012, The dark solid Hnes display 120 month
mrorving wirniows for the 10th, 25th, B0th, 75th, and 30th percentiles. The corrssponding dotted Hnes
dispbey Bnoor tronds for the same persaentiieg,

Mend, I Figure 12 T examined variabllity in the X2 record for the thres fall months,
this time differentiating between months over various tme intervale four shorter
subledervals (WYs 19221844, WY's 18451087, WYs 189881008, and WYs 2000-2012);
two larger subintervals (WYs 18221987 and WYs 1088-2012); and the entire record (WYs
1922201121 This figure shows how the rangs in X2 has changed for sach fall month,
Spacifically, the early record (WYs 1822-1944) includes high X2 values in all fall months,
The WYs 189451087 and WYs 10681940 subinisrvals both show lower fall X2 values
relative o WYs 1822-1844. Fall X2 values In WYs 2000-2012 exbibit ranges that ars
narrow but within the interquartile bounds of the WY's 1968-1988 data; these namower

ranges may be explained al lsast in part by the small number of data points associated with
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the time imterval. Desplis this possible explanation, the November range for this perod is

remarkably narrow relative 1o other perinds.

R bl

Bt

Figure 12. Box plots of Sacramento X2 for verious thne indorvals, including four shorter intervals (WY
THER1 044, WY 1048 19RT, WY 1DES--1800, and WY 2000-3012) two longer bvtervals (WY 19221887
and WY 19682012}, and the entire record WY 18222012, Each box represents the 28th and 78th
porcantile values, the ling represents the maedian, aml the whishers sxtend 1o the most extrome data
poin no further than 1.5 tmes the interguartile rangs from the box, Cutliers are shown as disorets
swmbols,

I Figure 13 1 examined the intre-month varlability in fall outflow, expressed as 8
coatficient of variation of dally velues within a given month, This data presentation does not
show o decrease in fall variability over e, rather, i shows an increasing trerd in flow

variability in the months of Oclober and November.
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Figure 13. Tostlicient of voriation {ratio of mean 1o standard deviation) of daily Dells outBows by
mnnth for WY 18222014,

Firaily, | examined how the relationship between fall X2 and spring hydrology has
changed over discrete Hime intervals argd how this change can be attributed to CVP-SWP
pperations, Figure 14 plots September X2 as & funclion of spring {April-July} unimpaingd
runof under historical (Upper panals) and without-Project condiions {lower panals) at four
disvrete time subintervals: WYs 18221844, WY's 184581087, WYs 10681888 and WYs
2000-20112, For refergnce, all panesls include the relationship betwesn Septembaer X2 and
apring unimpaired runoff under 1920-level conditions. Withoub-Project and 1920-evel
conditions were oblained from Exhibit DWR-1288. Bimilar plots are provided for October

{Figure 18} and November {Figure 18}

2

L

TESTHRAONY OF PAUL HUTTON

ED_002551_00004669-00023



{
Mistorins Pligtorion Mistoringt Pintoriosd
2 WY I 10d WY TRR.IEeT WY IROR- 1R WY POOD- PO
3
4
4 &
By
& %
7 16 &
E &
B * g # ® ;%ﬁ
¥ & & &’Qﬁ 5 5 ® Wﬁ [ 3
¥ e e 9% k3 ) # # ® 3
o ® w w Ry & ey R
. " . £,
¥E # B ¥
3 & o
® % §$
o *
&
i
i § i Proieods win Projoois wits Projents g Proisely
§ Lk e L A YOV TR IRET WY TROR e WY SONG-30e
M : #
£ 4
15 *
® 3
16 B <. .
#
§ sy % ;% @ & @Q
; # *a ® .
. &
# & * - " #
E R #
pot a* * e
L . LA L @ .
"% S # # 5% &g
Fa $$
&
23
23
= Aprib-July Unimpaired Rounoll (MAF)
Figure 4. Somparison of September X3 under historioal angd withou! Projeot conditions as & function
261 of spring (pribduly} antmosired runoff for four Hee pariods: WY 18321844, WY 18481887, WY 1888
IoiRen: WY F000-2008 In sl plols, corresponding X2 waluss under 1820 lovel of development conditions
2P are shown pe gray swvbols; the gray Hnes are hest-f curves to the 1830 level daln
:\M; 54
TESTRMINY OF PALUL HUTTON

ED_002551_00004669-00024



P

L

L%

e}

prel

L

Pistorio! Fiatnrost w\sm 2 Hitorios
PV IRERTE4S WY 4 o YWY 10801840 Fidfcut iy
125
o |
100
# (-3
: . . '
*y B % why
A L™ Y T « ® #
: P & ¥ g # #
# a® & s #
>4 L B @ & # e &
# aw ¥ s R e % &
3 -3 &
k3
®
E
R4 weht Projanty s Peplenis win Prolents it Peoisnls
§ VY TR Thed B 104 B-10Y WY 1ERE 108 WY Z00B00E
125 *e
¥ #
e - v
iy ¥ #
10 4 # g *
B, BoRy #
’ﬁ& B k3 ;ﬁ?
Ny * . ¥
B Homy . # #
. s A s %vi W * %
i #® & & g%‘s % "
. By
E #
5 % 15 20 5 % 45 20 5 % 1B 20§ 30 35 20
&g}n ﬁgs v Lindmpaired Runoll (MAF
Figure 15, Comparizon of Outober X2 under historicad and without Project conditions ax a Tunction of
spring DagribJulyl undmpaired runof for four Ume periods: WY 1R22-1844; WY 10451087, WY 1388
R0 VY 2O0LBI0S, o ol plots, covrpsponding XF valuns under 1830 lpwel of dovelopmant condi ons;
s ST 88 gray mym%&{m g pray Bnes are besti curves (o the 1828 level dats.
TESTHIONY OF PALIL

ED_002551_00004669-00025



Lk

[

&

)

i

oot

X2 Poslion

el

Historing

Pindovicsd

WY IERRT8AL

VY 1RSSR 1R8Y

WY IREE- 1 RE0

WY DU 2000

&8

4%y
g%ﬁ%% & # *
o 0

&‘?%%3%

i Projecds

wit Prpacdy

wity Prowsety

win Proleuls

WY 1582188

WY 1R4BR8Y

WY 1081090

WY 2000-2008

€5 o

et
<%

1520

B i H

5 8 B

Apri-July Unempaired Runoff (MAF)
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Ciose inspection of Figures 14 through Figure 16 suggests that If there has beena
ines of inter-annual varability in fall X2, it is not because all fall months now resemble dry
year conditions regardless of water year type. On the contrary, these figures suggest thal
CVE-SWEP opsrations have bolstered dry vear outflows such that X2 in the fall {(particulady
September and Cotober) now resemble average 1o wetler years, Furthermore, Figure 18
suggests that the narrow range observed in the WY's 2000-08 November X2 range {(Figure
123 is not atirbuled o Project operations; this narow range is seen in the 1020-leve
stenaro as well as the Without-Project scenario.

When the data are considerad in their entirely, assertions regarding loss of fall X2
variability appear 1o be related to consideration of a trunvated dala sel. When the dale are
svaluated more broadly and on a month-by-month basis, it does not appear that a loss of
variability has ocourred in September and Oclober, although there does appesr to be some
reduction of variabiiity in the November values in the WYs 2000-2012 subinterval that s not
attributed o Project operations.

W, PREDEVELOPMENT OR "NATURAL” DELYA CONDITIONS

Understanding pre-development or “natural” Delts flow and salinily conditions is
central to the proposals made In the 2010 Flow Criterla Report and the Phase || Sclentific
Basis Report, While | acknowledge that our understanding of natural Defia conditions is
subject o substantial unceriainty, it is my opinion that the 2010 Flow Criterla and Phase i
Selentific Basls Reports, as well as several lestimonies (Ses e.g., POFFA-145, COC-50-3,
Artioch-500, errata) provided to the Water Board, have not accurately portrayed natural
Detta conditions, For example, the Phase | Scientific Basis Report {p. 5-8) states that,
while unimpaired flow is not the same as natural flow, it is generally reflective of the
magnitude of the natural flows to which fish and wildiife have adapted. This statementis In
stark contrast to a finding In DWR (2018) (see attached Exhibit DWR-1384) that under

average conditions, the annual unimpaired flow is 43 percent higher than the risfural flow
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estimate, My opinion regarding several aspects of natural Delts conditions are discussed

balonw,
B, NATURAL DELTA SALBITY WAS MORE SEASONALLY VARIABLE
THAN CONTEMPORARY CONDITIONE, WITH BOBE DOWNSTREAN X2
I OWINTER AND SPRING AND BORE UPBTREAN X2 1IN SUMMBER AND
Fall.

The work presened in Exhibiis DWR-1287, DWR-1280, DWR-1291 and DWR-1384
is the bast avallable sclence to quantify sstimates of natural Dells hydrology and
hvdrodynamics, This body of work shows that, under similar dlimatic conditions, annualized
Detta nutiow would have been sirmflar or somewhal higher under natural corgditions relative
o comtempnrary conditions. These annualized estimates suggest that natural vegetation in
the Delta used nearly as much water as is consumed currently for agricullure, municipal,
industrial and other uses. This body of work also shows that, urgler similar climatic
conditions, seasonal Della outflow and X2 would have been more variable under natural
condiions relative to cordemporary conditions. Specifivally, this work suggests that natural
more upstream (saltler) X2 in surmmer and fall, This grester X2 seasonal variabilily is

iHustrated in panet{o) of Figure 17,
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Figure 17. {8} Model caloulated net estuary outflow, (b} antecedent flow, {03 X2, and () adjustment
i for the sontemporary and pre-development estuary slmulations. (From Exhibit DWR-128Y.)

it is imporiant to emphasize that the quantified estimales of natural flow and salinity
are not estimates of actust flow and salinity that occurred under Paleplithic or more recent
conditions pror to Furopean setilement. Rather, the quantifications are estimatas that

assume the contemporary precipiiation and inflow pattern to the Dells watershed in g
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natural or undeveloped state: befors flood control facilities, levees, land reclamation,
irrigation projects, imports, eio.

B. DELTA CONDITIONS IN THE LATTER 197" AND EARLY 20™ CENTURY
PRICR TO 1917 DO NOT REPRESENT NATURAL CONDITIONS

[, Padesn lestifiad that, in her opinion, the historical record clearly demonsirales
that “natural conditions” at Antioch were predominantly fresh prior to 1817 in all but the
driest years {Exhibit Antioch-500). She cites the COWD 2010 report (Exhibit Antioch-218)
and the C&H barge travel data 1o support her opinion. Her testimony assumes that Delta
conditions prior io 1917 represent natural conditions, I s my opinion that the Delta salinity
conditions were fresher during this period than they are under contemporary conditions for
reasons | discuss below, However, it is my opinion that squating these historizal conditions
with natural conditions s not correst.

Anthropogenic modifications to the Delta and its watershed soourred following
Furopean ssttlement in the mid-18" century and acoelerated following the California gold
rush in the 1880s. Riparan vegelation was removed, wetlands wers drainad, and levees
were constructad to reduce the natural annual ovole of flooding upstream of the Della,
These activities resulted In a systemewide trend towards lower evapotranspiration of valley
foor precipitation and runoff that naturally drained to the Delta, likely resulting in Delta
nutflow that was higher than would have poourred under pre-gold tush conditions. During
this period of the latter 19% and early 20% century prior to 1817, irrigated agriculturs was in
its infanny and was too small in scale o replace the water use associated with the ratural
landscaps.

Climatic conditions In the latter 19% and sarly 209 century were much watier than the
subseqguert period up o the present. Figure 18 shows a time senes of decadal average
runoif 1o the Delta watershad, as measured by the Eight River Index, for the period
spanning WYs 1872 through 2018, Data piotted in this figure were oblalned from the
California Data Exchange Center and COWD {2010) (Antloch-218). Thiz figure clearly

shows that the sarly part of the record, pre-dating WY 1821, Is wetter than the latter part of
a0
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the recond. Thus, the prevailing climatic conditfons suggest that this sarly historical period

prior to 1917 was probably associated with fresh water conditions in the Della
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Figure 18, Annual sverage Blght River Index runoff volume by decade spanning Walsr Years 1872
FHE, The sarly part of the recond, pro-deting Water Year 1827, s welter thon the lalter part of the
rocord, The dashad line shows the annual period averages of 27.8 MAF for the pre-1921 period and
225 BAF for the posh 18321 perled,

An imporiant data set that predates systematio moniioring of Delta salinity is based
on records by the Calilfornia Mawalian Sugar Refining Corporgtion (CE&H). Dr. Paulsen cites
these dats and a detalled analysis of these data in COWD 2010 {Exhibil Antioch-218} o
support her opinion. C&H, which oblained most of its fresh water supply in the sarly 20
century by ransporting water o its refinery in Crockett, maintained a record on the distance
its barges traveled up the San Joagquin and Sacramento Fivers 0 oblain fresh water, The
pariod prior o 1817 when C&H collected barge travel data (19081818} was abnormally
wel B of the § vears ware classified as "wel” according o the 40-40-30 index. Thus, itis my
opinion thal these data do not provide 3 representative cross-section of this level of
development, et slone represent natural conditions,

As part of my analysis, | compared the C&H barge travel data as reported in DPW
{1931} (Exhibit Antinch-233), COWD (20103 (Exhiblt Antioch-218), and Means (1848}
{Exhibit Antiooh-2321 and determingd thatl the dala presentation in Bxhibit Antioch-216 was
rot corshstent with the other exhibiis. § s my opinion that the dals presentation in Exhibit
Anticch-218 is systematically blased (Le. offset by a phase shilt) due 1o a misinterpratation

of the data graph presented in Exhibit Antioch-233, Specifically, the data presented i

31
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Exhibit Antioch-216 appear o be shifted forveard In time by hall & monthy, resulling in biased
reporting refated to fiming of inltial and peak seawater inlrusinn. 1 is my opinlon that the
Water Board should be cautious In s sssessment of Dy, Paulsen's and the SOWD 2010
report’s pressriation of the CEH dala.

W.O. UNIMPAIRED FLOW I8 NOT AN APPROPRIATE MEABURE OF NATURAL
FLOW ON THE VALLEY FLOOR OR IN THE DELTA,

Based on my analysis, | s my opindop thet unimpaired flow s not an appropriate
measure of natural flow on the valley fioor or in the Della because, as desoribed below, the
theoratioa! unimpaired Dalts outflow caloulstion as describad in the 20710 Flow Crileria
Repor! is systematically higher than the corssponding naturs! Della outliow sstimate.

Conceptuaily, the unimpaired Delta outflow caloulation assumes the same rim
nflows arud valley floor pracipitation used in the natural Dalta outfiow estimale discussed
pravioushy. Mowsver, rather than reducing water supply 1o account oo waler use assouialad
with the full exdend of netural vegetation on the valley flowr, the unimpaired outfiow
calpulation assumes that water use upstraam of the Della i imited 1o onby valley ooy
precipttation, Thus, the unimpaired cultflow caloulation effectively aasumes rm inflows pass
through the valley floor and arve In the Della in the currend system of channsl
improvements, lpvess, and flood bypasses, Thus, by definition, unimpaired Delta putfiow
cafoulations provide a high estimate when used as a sumrogate Tor natural Delte outflow
Figure 19 comparas annual averags unimpaired and netural Dalta outBow astimates by
waler yvear type as wall s full period average spanring WYs 1822 through 2014, Under
average conditionsg, the annual unimpalred Tow i3 43 percent higher than the natural flow
setimals, This finding is in stark contrast 1o the Phase § Sclentific Basis Beport (p. 58}
whinhy siates thal, while unimpaired How s nod the same as natural How, 1 s generally

raflective of the magnitude of the natural Bows o which fish and wildife have adapted.
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{iry units of milllon acre-deet) for the Syear hydrologio period spanning WYs 1822 through 3914
Comparisons are shown by 43030 WY type as well as the full period average. This chart clewrly
shows that unimpaired flow sstimates are significantly higher than natural flow estimates under ol
hydrotogic conditions. Unler sverage conditions, the annusl undmpaired flow estimale is 43 parcent
higher than the netursd How estimate. (From Exhibil DWRA1384.}

V.0, NATURAL CONDITIONS CANNOT BE RESTORED USING THE
LMNIMPAIRED FLOW HYDROGRAPH

it is my opinion that the use of unimpaired flow caloulations o reguiate Della flows,
as proposed in the 2010 Flow Criteria Report, will not restore natural conditions in the Delta
and its watersherd, In the highly altered contemporary system, a flow regims based on
unimpaired flow wouldd not provide natural flow functions, as i would meraly provide for
transport functions (Le., Increasing water depth and velocity} In levead and rip rappsd
channels, As the water contraciors and others explained during the 2012 Water Board
workshops {Exhibit DWR-1333), the Herature relevant fo using unimpalred lows a5 8

restoration ool cautions that the oulcome, particularly in highly altered systerns, is highly
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1 unceriain, (Bee Exbabil DWRSTEES pp. 62 10 848, oiting Polf el gl (1857 {Exhiblt DWR-

3 I338), Polf and Jimmerman (20000 {(Exhibit DWRATEE0), Plerson of ol {2008 (Exhibit

3 DWRCTEET), and Bunp and Arthington (2002 (Exhibil DWRV1282) The advice from

4 1 aguatic scologists on srwironmental flows might be regarded at this point in time a3 largely |
A untested hypotheses about the flows that aguatic organisms need and how rivers function
% in relation to flow regime.”].

7 Historicadly, the water and landscape were much morne inferconnected. High flows

# 0 owould spill out onto the lanwlscape, cresling spawning ared rearing habitat and leeding the

g rivers as i slowly drained back into the main charmels, These return fows would canry

L uinients, detrifus, and ower trophio crganisms producest in these nudsiend rich, offen

11 shallow argd slowemoving waters, Mersly putling more water down riperap Hned lpvees does

i e recreate these higlorosl conditions

13 Y LCONCLUDING OBSERVATIONS

i4 The foous on soological restoration frames the challenges of managing today's Delta
15 0 squarsly in terms of comparisons o historoal corglitions. The testimony provided here

6 provides muchenesded content for ongolng ecosysiam management efforts in the Dellg,

17 1 particularly efforls that seek o relate Delta cutflow and X2 to vartous scologicsl metrios. A

13 1 key ohallenge associated with interprating resuts from scosysteme-onianted dats analyses
10 1 the absence of biological data for the Delte prior fo the 1880s. Thus, binlogical inferences
20 1 are based on a truncated subset of the fow and safinity record which, as my testimany has
21 shown, are not representative of the ends associated with the Tl perod of observed dals,
2 bnporiantly, aven the L hydmlogio record i not indivetive of pristing or natural conditions,
231 beosuse nd use developmaent prior 1o the 18208 had slready led o well-dosumented

241 alterations in fow &%"éi‘é salinity,

2% 1 Exenuted on this "f {;?a:}f of July, 2018 in Sacramento, California

gL
Faul Hution
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